Abstract. In this paper we study the deviation of bus trip duration and its causes. Deviations are obtained by comparing scheduled times against actual trip duration and are either delays or early arrivals. We use distribution rules, a kind of association rules that may have continuous distributions on the consequent. Distribution rules allow the systematic identification of particular conditions, which we call contexts, under which the distribution of trip time deviations differs significantly from the overall deviation distribution. After identifying specific causes of delay the bus company operational managers can make adjustments to the timetables increasing punctuality without disrupting the service.
Introduction
In the last two/three decades, passenger transport companies have made important investments in information systems, such as Automatic Vehicle Location (AVL), automatic passenger counting, automated ticketing and payment, multimodal traveler information systems, operational planning and control software and data warehouse technology, among others. As a consequence of this effort in Advanced Public Transportation Systems, passenger transport companies have been able to collect massive amounts of data. However, as in other areas of activity, the data collected are not being used as much as they could be in supporting public transport companies to accomplish their mission, despite the potential of both data and existing knowledge.
The planning of public transport companies is a complex task. It has as major goal: the achievement of the adequate offer of trips using the resources at a minimal cost. The two main resources are drivers and buses. The uncertainty of trip duration [14] must be taken into account in the definition of schedules, in order to obtain an adequate offer of trips at minimal costs. The problem is that it is not known how much uncertainty should be assumed because it is difficult to evaluate the trade-off between the operational costs (due to the amount of resources used) and client satisfaction. Additionally, the metrics used to measure client satisfaction vary according to the type of routes. For example, in highly frequent urban routes with a five minutes headway (where headway is the time gap between two consecutive vehicles) client satisfaction assessment is based on the stability of the headway. On low frequent suburban routes (e.g. 60 minutes headway) a metric based on the deviation from departure time is preferred.
In this paper we present a study on how to take advantage of stored AVL data in order to promote adjustments to existing timetables. For that we use the data mining technique of distribution rules [9] . We intend to detect systematic deviations between the actual and the scheduled trip duration and identify the causes of such deviations. Such tool can be integrated in a decision support tool for timetable adjustments [13] .
We start by describing distribution rules, the data mining technique that we use to study trip duration deviation. We then present the datasets used and their preparation. Next, we provide details and results of the data mining step. Results are discussed both from a data mining and an operational point of view.
Distribution Rules
Distribution rules (DR) [9] are constructs similar to association rules (AR), but having a distribution of an attribute of interest A on the consequent. Whereas the antecedent of a DR is similar to the one of an AR, its consequent is a distribution of A under the conditions stated in the antecedent. In the DR setting, all the antecedents Ant which correspond to an interesting distribution D A|Ant (read as "the distribution of A given Ant") are found. In this case, interesting means that the distribution of A under Ant is significantly different from the distribution of A without any constraints (a priori). In Figure 1 we can see one distribution rule derived from "Auto MPG", a data set with descriptions of cars where the property of interest (P.O.I.) is their fuel consumption in miles per galon (MPG) [6] . The antecedent is shown above the chart. The darker curve shows the density of M P G|Ant, the grey curve shows the density of M P G overall. We can also see some measures characterizing the rule: KS-interest, a measure of interest of the rule given by 1 − p KS , where p KS is the p-value of the Kolmogorov Smirnov test; the support (Sup) of the
Definition 1. A distribution rule (DR) is a rule of the form Ant
→ A = D A|Ant ,
